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NATIONALADVISORYCOMMITTEEFORAERONAUTICS

RESFARCHMEMORANDUM .
TEMPERATUREANDPRESSURXDISTRIBUTIONSINDUALPARALLEL

JETSIMPINGINGONTHEGROUNDEROMA TURWJETENG~

By J.ElmoFarmer,FrancisS.Stepka
andFloydB. Garrett

SUMMARY

An investigationwasconductedtodeterminethetemperature
andpressuredistributionsinthejetsissuingfromtwoparallel
nozzlesofa turbojetenginelocatedclosetogetherandimpinging
onthegroundatan angleof20°. Theinvestigationwaslimited
to thefollowingconditions:-convergentnozzles;nozzlediameterj
13inches;nozzlespacing,1.42nozzlediameters;jettotaltemper-
ature,15500to 1750°R; andnozzle-pressureratio,1.44to 1.52.

Temperatureandpressureprofilesobtainedindicateda pro-
nouncedmutualinterferencebetweenthejetsbeyond1 diameter
downstreamofthenozzleexists.Thejetbcundarywasfoundto
be fartherabovethegroundbetweenthetwojetsthanitwas
directlybehindeitherofthem. Intheportionsofthejets
unaffectedby theinterference)e~i~ ofthegaseswas
mostlyhorizontal;verylittleverticalrisewasobserved.

INTRODUCTION

Theneedforgreaterpowerinhigh-speedjetaircrafthas
ledto considerationofdesignsincorporatingtwojetengines
installedsideby sideinthefuselagewiththeexitnozzles
locatedconsiderablyforwardofthetailsurfaces.Thetailsur-
facescanbe soplacedas tobe wellabovethewakesofthejets
duringflight.Thetake-offangleissuch,however,thatair-
planeswithshortlandinggeemsmayoperatewiththejetsimPing-
ingupontherunway.Duringsuchoperation,thejetsmaybe
deflectedintothetail-s~faceregionandcauseexcessive
heatingandfailure.Thepossibilityofusi~ afterburningas
a meansofthrustaugmentationduringtake-offmakesthisproblem
evenmoreserious,as thetemperatureoftheexhaustgaseswould
bemuchhigher.
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A full-scaleengineinvestigationto determinethetempera-
tureandpressuredistributionsinthewakeoftwoadjacent
paralleljetsimpingingonthegroundatanangleof20°simu-
latinga nose-hightake-offconditionwasconductedat theNACA
Iawislaboratory.Themeasurementsarepresentedinnondimen-
sionaltermstomakethemapplicableto otherjetdiametersand
gastemperatures.

APPARATCJSANDPROCXIURE

Theengineusedforthisinvestigationhasa dual-entry
centrifugalcompressor,14combustionchambers,anda single-
stageturbine.Thesea-levelstaticthrustzatingisabout
4000pounds.

Theexhaustsystemoftheenginewas’alteredbyattachinga
Y-sectionoftailpipetotheexhaustcone.Straightparallel
lengthsoftailpipewitha convergentnozzle13inchesindiameter
wereattachedtothetwobranchesoftheY-section.Thedistance
betweenthenozzleoenterlineswas1.42nozzlediameters.The
ihclinedenginewassomountedona rigidsea-levelteststandthat
thetailpipewasatanangleofapproximately20°withrespectto
theground;thenozzleswereapproximately1/2inchabovethe
groundattheexit. Inordertoassmea reasonablysmoothground
surfacethatwouldnotbe erodedbythehigh-temperature,high-
velocitygases,twol/4-inchsteelplates,spaced1/2inchapart
andcooledby circulatingwaterbetweenthem,wereused. Therake
formakingthetemperatureandpressuresurveyofthejetwasso
mountedonthisplateastominimizeinterferencewiththejets.

A rearviewoftheteststand(fig.1)showstheengine,the
tailpipe,thethermocouplerake,andarrangementofthenozzles.
Thethermocouplerakeconsistedof27barechromel-alumelthermo-
couplesspaced2 inchesapart;thebottomthermocouplewas1/4inch
abovetheplate.

Gastemperatureateachjetnozzlewasmeasuredby four
unshieldedchromel-alumelthermocouplesspacedequallyaboutthe

1circumferenceandextendingradially3- inchesintothenozzles.4
Allthethermocoupleswereconnectedthroughselectorswitchesto
a self-balancingpotentiometer.

Theconstructionoftherakeusedforthepressuresurvey
wassimilartothatshowninfigure1,exceptthatthethermo-
coupleswerereplacedwithtotal-pressuretubesspaced1 Inch
apart.Therakeswereshiftedintodesiredpositionsby moving
thedeflectionplate.
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Theexperiments
70poundsofairper

wereconductedwitha constantmassflowof
second,corres~ing to 90percentoffull-

thr%le airflow:Themassfluw&s co=el.atedto standard
conditionsforeachrun. No correctionwasappliedto anyofthe
temperaturesobtained&cm thethermocouples.A surveyof 10
positionswasmadeacrossthetwoJetsat 1 to 6 jet-nozzle
diametersdownstreamofthenozzleexits.Theresultsofthis
investigation=e presentedindtiensialessformsothatthey
maybe readilyextrapolatedto othertemperatures.Temperature
parameteristhedhuensimlessratio(reference1)

where

Tx measuredtemperatureatanypositionx

To ambienttemperature

T8 jettotaltemperature

k allthecalculationsforthetemperatureparameterbehind
~ef1,thetotaltemperatureof Jet1 wasused.Thetotaltempera-
tureof jet2 wasusedforallcalculationsforthetemperature
parameterbehindjet2 inthesamemanner.At thecenterline
betweenthetwojets,theaverageofthetwojettemperatureswas
used●

3

In order todeterminetheboundaryofthe~etby thepresswe
survey,theheightofthehighestpressmetubethatsh~~ a
positivepressurewastakenas theboundarylocationforeach
rakeposition.

WaterwasinjectedintothetailpipeattheY-section
andhigh-speedmovingpictureswere,madeofthesteamdischq@ng
fromthenozzlestoprovidea visualindicationoftheflowpattern
ofthejets.

RESULTSANDDISCUSSION

DuringtheInvestigation,jet-nozzlepressureratiovaried
from1.44to 1.52andgastemperatureatthenozzlesvariedfrom
about1550°to 17500R. Thegastemperatureof jet2 wascon-
sistentlyabout30°F h@herthanthatof jet1,probablybecause
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ofunequaldistributionoffueltotheburners.A three-
dmensionalplotshowingthecontourofa constant-temperature
surfacefora valueof Tx-To/TA1-TOequalto 0.1is presented
Infigure2. Thisfigurealso~oc&esthesectionsforwhich
temperatureandpre’ssurecontoursareshowninsubsequeritfigures.

Thesolidlinesinfigure3 representcontoursofconstsnt-
temperatureparameterinverticalplanesperpendicularto a
verticalplanethroughtheengineaxis.Eachfigurepresentsthe
contoursfora givendistancedownstreamoftheJetnozzle.These
figureswereobtainedby cross-plottingfromfairedcurvesin
whichvaluesofthetemperatureparameterwereplottedas a
funotionofheightabovethegrcundforeachrakeposition.The
dashedllneineachfigureindicatestheboundaryofthejetas
determinedby thepressuresurvey.

At a distanceof1 jetdiameterdownstream,thejetboundary
asdeterminedby thepressuresurveyisverynearlysymmetrical
(fig.3(a)).Thetemperaturesurveyinthisplaneindicatesa
verticaleqmnsicnofthegasesbetweenthenozzlesandonth~
sideofnozzle1. Motionpicturesofthesteamissuingfrcmthe
nozzles,however,showedlow-velocityeddiestobe swirlingup-
wardatthislocationbetweenthejetnozzles.Theeddiesraised
thetemperatureinthisregion,as shuwninthetemperature
survey,buttheywereina low-velocityareaoutsidetheboundary
ofthemainjets.

At 2 jetdiemetersdcunstre~(fig.3(b)),thetemperature
distributionissimilarto,thatat 1 diameterexceptthatthe
gradientsarenot so highandthecontoursareingeneralhigher
abovetheground.Thejetboundaryasdeterminedby thepressure
surveyisalsooonslderablyhigherabovetheground.Theeffect
ofeddiesinraisingthetemperatureoutsidethejetboundary
isstillapparent.
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As thedistancedownstreamisincreased(figs.3(o)to (f)),
thetemperaturecontoursremain approximatelythesameshape,
butarefartherapart.Theupwardexpausionofthegasesbetween
thetwojets,causedbymutualinterferencetofreehorizontal
expansion,becomesmorepronounced.Theboundaryofthejets,as
determinedby thepressuresurvey,expandsoutwarduntilata
distancecf6 jetdiametersdownstreamitispracticallycoincident
withthetemperaturecontourfor Tx-TO/Tj-TO= 0.1. Theportions
oftheJetsnotsubject.to interferencee-, forthemostpart,
horizontally.At 6 jetdiemetersdownstream,thelateralextremities .
ofthejetboundaryarestilllessthan1 jetdiameterabovethe
ground● w
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Figure4
boundariesin
engineaxis.

presentsthetemperaturecontoursandthejet
planesparallelto a verticalplanethroughthe
Thesecurveswerealsoobtainedby cross-plotting

fromthefairedcurvesusedto obtainfigure3. Figures4(c)
to (g)showolearlythatthegasese~andupwardbetweenthe
twojets;figures4(a),(b),and (h)showthatthegasese~and
horizontallyandremainclosetothegroundneartheouteredge.

5

TheinvestigationdescribedWASl~ted inscope;any
attemptat generalizationoftheresultsshouldbemadewith
care.Smallchengesin jet-nozzlespacing,angleof impingement,
orheightofnozzlesabovethegroundwouldprobablynotalter
thegeneralcharacteristicsofthejets,buttheextentofthe
upwardexpsmsionbetweenthetwojetswouldundoubtedlybe
considerablyinfluenced-Althoughobtainedwithoutafterburners,
thesedatashouldbe applicableto engineinstallationswith
afterburnersunlesspartofthecmmhustiontakesplaceoutside
thetailpipes.

SUMMARYOFFU2SUZTS

Thedataforthisinvestigationarelimitedtothefollowing
renditions:convergentnozzles;nozzlespacing,1.42nozzle
diametersbetweencenterlines;mgle of impingement,20°;jet
totaltemperature,15500to 17500R; endnozzlepressureratio,
1.44to 1.52.Thegeneralresultsmaybe summarizedas folluws:

1.Temperature-distributionmeasurementsindicatethattwo
paralleljetslocatedclosetogethercausemutualinterference,
whichresultsinanupwardexpansionofthegasesbetweenthe
jetsbeyond1 diameterdownstreamofthenozzleexits.Thejet
boundarywasfartherabovethegroundbetweenthetwojetsthan
itwasdirectlybehindeitherofthejetnozzles.

2.Intheportionsofthejetsunaffectedby themutual
interference,expansionofthehotgaseswasmostlyhorizontal
withverylittleverticalrise.

3. Neu thenozzles,thepressuresurveyshowedthejet
%oundarytobemuchnearerthegroundthanindicatedby the
temperaturesurvey.Eddiesswirlingux carriedhigh-
temperaturegasesabovethebounderyindicatedby thepressure
survey.
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4.Beyond4 nozzlediametersdownstreamofthenozzles,
thepressuresurveyindicatedthatthejetboundarywas
approximatelycoincidentwiththeconstant-temperaturecontour
inwhichtheratiooftemperatureriseaboveembientto the
temperaturedifferencebetweenJetandembientwasequalto 0.1.

,

LewisFlightPropulsionLaboratory,
NationalAdvisoryCommitteeforAeronautics,

Clevelandjbhio,
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Figure1.- Generaltiewd testa~tus showinginclinedjetnozzlesendternperature-
Bmeyrake.
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